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COMPLETE SPECIFICATION 

Control Systems for Internal Combustion Engines 



We, Bendix Aviation Corporation, a 
corporation of the State of Delaware, United 
States of America, of 401 Bendix Drive, 
South Bend, Indiana, United States of 

5 America, do hereby declare the nature of 
this invention and in what manner the same 
is to be performed, to be particularly des- 
cribed and ascertained in and by the 
following statement : — 

10 The present invention relates to an 
improved control system for internal com- 
Bustion engines. 

An object of the invention is to provide an 
engine control system having an engine 

15 throttle valve control operable to maintain 
a pre-selected intake manifold pressure and 
including means operable upon the throttle 
valve being adjusted to its maximum open 
position to control the speed of a super- 

20 charger so as to maintain the selected intake 
manifold pressure. 

Another object of the present invention is 
to provide an engine control system, which 
provides means for effecting simultaneously, 

25 selection of engine r.p jil ; selection of the 
intake manifold pressure of an internal 
combustion engine, and means for modifying 
the relationship between engine r.p.m. and 
manifold pressure in the cruising power 

30 ranges for best fuel economy. 

Another object of the invention is to 
provide an engine control system having 
manually controlled motor means for posi- 
tioning an engine throttle valve. 

35 Another object of the invention is to 
provide an engine control system having 
means for effecting direct manual control of 
the throttle upon failure of the normally 
operative motor system for controlling the 

40 throttle. . 

Another object of the invention is to 
provide an aircraft engine control system 
having pressure selecting mechanism con- 
t rolled through oper ation of a pilot's main 



selector lever, a cruise override lever, a 45 
follow-up mechanism and an altitude droop 
mechanism. 

Another object of the invention is to pro- 
vide an aircraft engine control system having 
an altitude droop mechanism for decreasing 50 
the intake manifold pressure with increase of 
altitude for high selected manifold pressures. 

Another object of the invention is to 
provide an engine control system having 
hydraulic follow-up mechanism for changing 55 
the selected intake manifold pressure upon 
change in the supercharger speed so as to 
maintain stability of controL 

Another object of the invention is to 
provide an engine control system having a 60 
hydraulic control device for affecting intake 
manifold pressure through sequential control 
of the throttle valve and supercharger speed. 

Another object of the invention is to 
provide an engine control system having a 65 
follow-up mechanism including means for 
effecting rapid acceleration of the super- 
charger speed upon a great increase in the 
intake manifold pressure being required to 
meet the selected pressure. 70 

Another object of the invention is to 
provide an engine control system having 
single lever control for effecting simultaneous 
control of the intake manifold pressure, 
engine r.p.m., and operation of a fluid 75 
injecting system for suppressing detonation 
in the engine under high intake manifold 
pressure conditions. 

Another object of the invention is to 
provide an engine control system having 80 
means for automatically returning the 
selected intake manifold pressure to within 
a safe operating range upon the injection 
fluid being completely exhausted irrespective 
of the position of the control lever. 85 

Another object of the invention is to 
provide an engine control system having 
means for effecting sequential control of a 
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supercharger from a low speed hydraulic 
drive to a high speed hydraulic drive. 

Another object of. the invention is to 
provide an aircraft engine control system 
5 having atmospheric pressure responsive 
means for decreasing the selected intake 
manifold pressure with increase in altitude 
and a mechanism for adjusting the amount 
of decrement in accordance with the selected 

10 pressure. 

Another object of the invention is to 
provide an aircraft engine control system 
having hydrauhcally operated means for 
controlling the intake manifold pressure of 

15 an aircraft engine. 

The above and other objects and advan- 
tages of the present invention will appear 
more fully hereinafter from a consideration 
of the detailed description which follows, 

20 taken togehter with the accompanying 
drawings wherein the features of the present 
invention are illustrated. 

In accordance with the invention a control 
system for an internal combustion engine 

25 comprises, pilot-controlled means for select- 
ing a desired intake m anif old pressure for 
the engine, a throttle valve for controlling 
the intake manifold pressure, a supercharger 
for supplying air to the intake manifold^ of 

30 the engine, servo motor means for positioning 
the throttle, intake manifold pressure respon- 
sive means for controlling the servo motor 
means, a plurality of hydraulic couplings 
between the supercharger and the engine, 

35 means for controlling flow of pressure fluid to 
a selected hydraulic coupling, said controlling 
means being regulated by said manifold 
pressure responsive means upon said throttle 
being adjusted to a maximum open position, 

40 whereby the controlling means supplies 
pressure fluid to the selected coupling so as 
to drive the supercharger at a speed necessary 
to obtain the desired intake manifold 
pressure, 

45 Also in accordance with the invention a 
control system for an internal combustion 
engine comprises, pilot-controlled means for 
selecting a desired intake manifold pressure 
for the engine, a throttle valve for controlling 

50 the intake manifold pressure, a supercharger 
for supplying air to the intake manifold of 
the engine, a first hydraulic motor means 
for positioning the throttle, intake manifold 
pressure responsive means for controlling 

55 the hydraulic motor means, hydraulic 
coupling means for driving the supercharger 
from the engine, hydraulic flow control 
means for regulating the flow of hydraulic 
medium to the coupling means and thereby 

60 the speed of said supercharger, a second 
hydraulic motor means for positioning said 
flow control means, and said second hydraulic 
motor means being controlled by said intake 
manifold pressure responsive means so as to 



maintain said selected pressure upon said 65 
throttle valve being adjusted to a maximum 
open position. 

In the drawings wherein like reference 
characters refer to like parts throughout the 
several views : 70 

Figure 1 is a diagrammatic view of an 
aircraft engine and control system showing 
• the hydraulic couplings between the super- 
charger and the engine ; 

Figure 2 is a diagiammatic view of part of 75 
the control mechanism ; 

Kgure 2A is a diagrammatic view of a 
second part of the control mechanism ; 

Figure 2B is a diagrammatic view of a 
third part of the control mechanism ; and 80 

Figure 3 is an enlarged view of a pressure 
re-set mechanism. 

Referring to Figures 1-3 there is provided 
in the present invention a main pilot's 
control lever 1, which is connected by a 85 
link 2 to an operative control lever 3» As 
shown in Figure 2, the control lever 3 is 
keyed to a main control shaft 4 which 
extends into the main control unit indicated 
in Figure 1 by the letter A and shown 90 
diagrammatically in Figure 2. 

Driven by shaft 4 is a propeller pitch 
governor selector mechanism indicated 
generally by numeral 5 and including an 
arm 6 keyed at one end to the shaft 4 andj£5 
pivotally connected by a link 7 to an arm fir 
rotatably mounted on a shaft 9 eccentrically 
affixed to one end of an adjustable pin 10. 
The pin 10 is mounted in a casing of the 
unit A part of which is shown at 10A. 100 

There is further rotatably mounted on 
the pin 10 an arm 11. The arm 11 is bent at 
an angle at 12 and pivotally connected to 
one end of a link 14. The arm 11 is connected 
to arm 8 by an idler shaft 13. The idler 105 
shaft 13 extends from points intermediate 
the ends of arms 11 and 8 and is affixed 
eccentrically to a cam 13A rotatably mounted 
in arm 11. 

The other end of link 14 is connected to HO 
an arm 15 which is keyed to one end of a 
tubular sleeve 16 rotatably mounted on the 
shaft 4. The opposite end of the sleeve 16 
is keyed to a pulley 17 which as shown in 
Figure 1 is drivingly connected through 115 
lines 18 to an operating pulley 19 for adjusting 
a propellor pitch governor indicated generally 
by the numeral 20. 

The latter propeller pitch governor may 
be of a suitable type well known in the art. 120 
The same is shown in Figure 1 as being of a 
type having the operating pulley 19 mechan- 
ically connected to a gear 21 and rack 22 for 
adjusting a governor spring 23 and fly- 
weights 24. The fly-weights 24 are pivotally 125 
mounted at one end of a shaft 25 drivingly 
connected through suitable gear means (not 
shown) to a drive shaft of an aircraft engine 
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indicated by the numeral 26. 

Slidably mounted in the shaft 25 is a 
valve 27 of conventional type, adjustably 
positioned under tension of the spring 23 
5 and the counter-acting biasing force of the 
centrifugally actuated fly-wieghts 24. The 
valve 27 is arranged to control the operation 
of a piston not shown which controls the 
pitch of a propellor 28 driven by the engine 

10 26 in a manner well known in the art. 

Thus the engine speed or r.p.m. of the 
eng ine 26 may be adjusted by varying 
through the pulley line 18 the tension of the 
governor spring 23 and the resultant position 

15 of the pilot valve 27. Moreover through the 
propeller pitch selector mechanism indicated 
by numeral 5 the relationship of pilot's 
control lever 1 travel to propeller pitch 
governor drive travel may be modified by 

20 adjustment of the eccentric pin 10. 

The engine 26 also drives, through a 
shaft 30 and a two speed hydraulic coupling 
31, a supercharger 32. 
The coupling 31 includes a gear 33 keyed 

25 to the shaft 30 and driving high speed 
coupling gear 34 and low speed coupling 
gear 35. 

♦ The high speed coupling gear 34 drives, 
through a shaft 36 rotatably supported by a 

30 bearing 37, one set of blades 38 of a hydraulic 
coupling 39 of conventional type. The 
opposite cooperating blades 40 of the coupling 
39 are fastened to a driven shaft 41 rotatably 
supported by a bearing 42. The shaft 41 has 

35 a fluid inlet passage 43 leading into the 
coupling 39 for a purpose to be explained 
hereinafter. There is further provided in 
the fluid coupling 39 fluid outlet ports 44 
through which the hydraulic fluid may be 

40 returned from the coupling 39 to a suitable 
sump not shown* 

Keyed to the driven shaft 41 is a high 
speed gear 45 which drives through gear 46 
the drive shaft 47 of the supercharger 32. 

45 The low speed coupling gear 35 drives 
through a shaft 48 rotatably supported by a 
bearing 49 one set of blades 50 of a hydraulic 
coupling 51 of a similar type to coupling 39 
and having fluid outlet ports 51 A. The 

50 opposite cooperating blades 52 of the coup- 
ling 51 are fastened to a driven shaft 53 
rotatably supported by a bearing 53A. The 
shaft 53 has a fluid inlet passage 54 leading 
into the coupling 51. The latter passage is 

55 controlled by a valve 54A of a type arranged 
so that when the driven shaft 53 rotates at 
a speed greater than the driving shaft 48 the 
passage 54 is closed for a purpose which will 
be described hereinafter. The latter valve 

60 was conceived by others, is not claimed 
herein and has therefore been shown merely 
diagrammatic ally. 

A conduit 56 leads from an airscoop 
through a carburettor 57 into the air inlet 



for the supercharger 32. A conduit 58 leads 65 
from the air outlet of the supercharger 32 
to the intake manifold of the engine 26. A 
throttle valve 59 controls the air inlet 
conduit 56. 

The throttle valve 59 is controlled by a 70 
rod 60 operably connected, as shown in 
Figure 2B, to a throttle control arm 61. 

The throttle control arm 61 is keyed to a 
shaft 62 rotatably mounted in a bearing 
formed in the casing of the control unit as 75 
indicated at 63. Rotatably mounted in the 
shaft 62 is one end of the shaft 4. 

There is provided a servo piston 64 which 
constitutes a hydraulic motor means for 
positioning the throttle 59 through shaft 62. 80 
The piston 64 is slidably mounted in a 
cylinder 65 having fluid pressure inlet pas- 
sages 66 and 67 opening at opposite sides of 
the piston 64. 

The piston 64 has a piston rod 68 pivotally 85 
connected at one end to the piston 64 and at 
the opposite end pivotally connected to an 
operating arm 69 formed integral with the 
shaft 62. 

Keyed to the pilot's control shaft 4 is a 90 
second arm 70 connected through a link 71 
to one end of a walking beam 72. The 
opposite end of the walking beam 72 is 
connected through a link 73 to the arm 69. 

Pivotally connected at a point intermediate 95 
the opposite ends of the walking beam 72 
is one end of a lever arm 74 which is affixed 
at the opposite end to a shaft 75. 

The shaft 75 is rotatably supported in 
bearing portions 76 and 77 which are part of 100 
the control unit casing. Freely rotatable on 
the shaft 75 is an arm 78. The arm 78 is 
pivotally connected at the free end to a rod 79 
which connects the arm 78 to a piston 80. 
The latter piston 80 is slidably mounted in a 105 
cylinder 81 into which opens at one end a 
passage 82 leading to a fluid pressure line 
such as oil under pressure produced by an 
engine driven pump* The piston 80 is 
normally forced under pressure of the oil in 110 
an upward direction as viewed in Fig- 
ure 2B. 

A spring 83 is positioned between the 
piston and the upper end of the cylinder so 
as to force the piston in a downward direction 115 
upon oil pressure failure, whereupon the 
arm 78 is forced in a clockwise direction. An 
adjustable screw 84 projects through the 
arm 78 and is arranged so as to engage an 
abutment plate 85 on the arm 74 in the 120 
latter event so as to restrain movement of the 
arm 74 in a counter-clockwise direction.. A 
stop pin 86 projects from a portion 87 of 
the casing of the unit so as to restrain the 
arm 74 from movement in an opposite 125 
direction. 

The pilot's control lever may then, effect 
manual control of the throttle valve 59 
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through shaft 4, aim 70, link 71, walking 
beam 72, link 73, arm 69 and throttle control 
shaft 62. 

The adjustable screw 84 is preferably 

5 adjusted so as to permit a small amount of 
angular travel of lever 74 between screw 84 
and stop pin 86, During such manual 
operation of the throttle 59, lever arm 74 is 
driven between its restraining stops 84 and 

10 86 thus rotating shaft 7.5.. 

At the opposite end of the shaft 75. there 
is affixed an arm 88 through which projects 
an adjustable screw 89: The screw 89 is 
arranged to engage a pin 90 which projects 

15 from an arm 91, supported on shaft 75. The 
arm 91 is freely rotatable on the shaft 75 
and includes a second pin 92 which projects 
therefrom into a slot 93 formed in an arm 94 
freely rotatable on a pin 95 projecting from 

20 one end of a shaft 96. The shaft 96 is 
rotatably supported in a bearing 97 which is 
a. part of the casing of the control unit A. 

The arm 94 has an abutment plate 99 
which bears upon one end of a plunger 100 

25 slidably supported by bracket portions 101 
and biased in an upward direction by spring 
102. Lever arm 94 is driven by pin 92 of 
arm 91 so as to move plunger 100. 
The plunger 100 is arranged so as to 

30 operably contact at 102a one end of a servo 
valve 103 which is biased under force of a 
leaf spring 104 in an upward direction. The 
valve 103 has valve lands 105 and 106 
arranged so as to control passages 66 and 67 

35 respectively opening into valve chamber 107 
and leading to chamber 65 at opposite sides 
of piston 64 so as to control the movement 
of the piston 64. • The fluid pressure line 82 
opens intermediate the openings, of passages m 

40 66 and 67 to valve chamber 107. A fluid 
medium outlet or drain passage 108 also, 
opens from the valve chamber 107 at the 
upper and lower sides of valve lands 105 and 
106 respectively. 

45 Another valve chamber 110 is provided, 
separated from the valve chamber 107 by a 
sealing member 111. Projecting through the 
sealing member 111 is a valve stem 112. 
At the lower end of the valve stem 112 is 

50 mounted a cylindrical valve 113 having a 
spring 114 which tends to bias the valve 113 
and stem 112 in an upward direction. 

The fluid pressure passage 82 opens into 
the valve chamber 110 at the upper side of 

55 the valve 113 so that during normal operation 
the fluid pressure medium forces the valve 
113 downward into the position shown in 
Figure 2A. The exhaust passage 108 has a 
port 115 opening into the housing of the 

60 control unit A and a port 116 opening into 
the chamber 110 but closed by the valve 113 
when biased downward to the position shown 
in Figure 20. A main drain passage 117 
opens into the valve chamber 110. During 



normal operation the fluid medium is drained 65 
from the housing by suitable ports not 
shown. 

When no pressure medium is available or 
upon oil pressure failure the drain valve 113 
which is loaded by spring 114 is moved in 70 
an upward direction under force of the 
spring 114 serving two purposes. It causes 
the oil in the housing of the control unit A 
to drain to a predetermined low level by 
uncovering the drain port 116 so as to permit 75 % 
such drainage through port 115, passage 108, 
port 116, valve chamber 110 and through 
passage 117 to the fluid outlet. Secondly 
the spring 114 urges valve stem 112 upward 
into contacting relation with the lower end 80 
of the servo valve 103 so as to actuate the 
valve 103 in an upward direction. 

During such fluid pressure failure, move- 
ment of the pilot's control lever 1 so as to 
move arm 70 in a counter-clockwise direction 85 
causes movement in a counter-clockwise 
direction of the lever arm 74 between its 
restraining stops 86 and 84 whereupon valve 
stem 112 under force of spring 114 causes 
servo valve 103 to move from its neutral 90 
position as shown in Figure 2A, to an upper 
position so as to uncover the ports leading 
to passages 66 and 67 so as to permit move- 
ment of the throttle 59 manually. Similarly 
upon movement of the lever arm 74 in aj>5 
clockwise direction between its restraining" . 
stops 84 and 86 as upon manual movement 
of arm 70 in a clockwise direction lever arm 
94 actuates through plunger 100 the valve 
103 in a downward direction opening the 100 
ports to passages 66 and 67. It will be seen 
from the foregoing that the manual operation 
of the servo valve 103 not only permits the 
opening of the passages 66 and 67 so that the 
mannal operation of arm 69 and accordingly 105 
• throttle 59 may be effected, but in the event 
of slight pressure being available such move- 
ment of the valve 103 directs such slight 
pressure so as to affect piston 64 so as to 
assist the manual movement of the arm 69 110 
and thereby assist in the manual control of 
throttle valve 59. 

Automatic. Control of Throttle 
When fluid pressure is available in excess 
of a predetermined value, the piston 80 is 115 
moved upward under the pressure medium 
from passage 82 against the force of spring 83. 
This latter action forces linjc 79 upward 
moving lever 78 in a counter-clockwise 
direction so as to permit lever arm 74 to 120 
move free of the restraining, screw 84- Like- 
wise upon such fluid pressure ^ medium 
becoming effective the valve 113 is moved 
downward against spring 114 permitting the 
servo valve 103 to move free of the valve 125 
stem 112 under automatic control. 
In order to effect the latter automatic 
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control there is provided a pressure responsive 
bellows assembly indicated generally by the 
numeral 120 and including an evacuated 
bellows 121 supported at one end by a stud 
5 122 carried by a portion 123 of the control 
unit A. 

A spring 124 is positioned within the 
evacuated bellows 121 tending to expand 
the same. At the opposite end of the bellows 

10 121 there is provided a movable plate 125 
interposed between the bellows 121 and a 
second bellows 126. The bellows 126 is 
mounted at the opposite end by a portion 
127 of the control unit A. An adjustable 

15 pin 128 projects into the bellows 126 from 
the portion 127 so as to limit the extent of 
contraction of the bellows 126 for a purpose 
which will be described hereinafter. 
A passage 129 formed in the control unit 

20 leads from the interior of the bellows 126 to 
a conduit 130 which as shown in Figure 1 
leads to the air intake manifold conduit 58. 
Thus the bellows 126 is controlled by the 
intake manifold pressure of the engine 26. 

25 The movable plate 125 between the mani- 
fold pressure bellows 126 and evacuated 
bellows 121 is connected through a link 131, 
leaf spring 132, beam 133 and the leaf 
spring 104 to the servo valve 103. Beam 133 

30 in the schematic drawing of Figure 2a 
contains at opposite ends the pre-loaded leaf 
%prings 104 and 132 which permit deflection 
of the servo valve 103 by plunger 100 and 
valve stem 112 without excessively loading 

35 the bellows assembly. The beam 133 may 
however be made in the form of a solid beam 
and link 131 provided with a preloading 
mechanism which maintains the link 131 at 
a fixed length. ' 

40 The selected pressure or datum of the 
bellows assembly may be changed by moving 
a pin 134 on which beam 133 is pivotally 
supported. Pin 134 is adjusted through 
operation of a whipple-tree type of beam 135 

45 controlled through operation of a pressure 
selecting mechanism, a cruise override lever ; 
a hydraulic follow-up mechanism ; and an 
altitude droop mechanism as will be des- 
cribed hereinafter. 

50 It will be readily seen however from the 
foregoing that upon an increase in the intake 
manifold pressure above the selected pres- 
sure there will result an expansion of the 
manifold pressure bellows 126 causing the 

55 beam 133 to be shifted in a clockwise direc- 
tion whereupon the servo valve 103 will be 
. adjusted upward causing a pressure medium 
to be applied through the passage 66 to the 
upper side of the piston 64 and exhausting 
60 the lower side through passage 67. This 
action will cause the piston 64 to be adjusted 
downward so as to adjust the arm 69 in a 
counter-clockwise direction so as to adjust 
the arm 61 in a counter-clockwise direction 



moving valve 59 of Figure 1 through rod 60 65 
in a valve closing direction decreasing the 
intake manifold pressure until the valve 103 
is returned to its neutral position. An 
opposite effect is of course produced upon 
the intake manifold pressure dropping below 70 
the selected value. 

Pressure Selecting Mechanism 
A pressure selector cam 136 is rigidly keyed 
to the pilot's control shaft 4. Contacting the 
contour of the selector cam 136 is a cam 75 
follower 137 projecting from a follower lever 
138. The follower lever 138 is loaded by an 
extension spring 139 and pivotally mounted, 
on a selector plate 140 at pin 141 . The selector 
plate 140 is pivoted on a pin 142 which 80 
projects from a portion 143 of the control 
unit A. 

An adjusting screw 145 is mounted on the 
selector plate 140 and limits the clockwise 
rotation of lever 138. The selector plate 140 85 
pivoted on the pin 142 transfers adjustment 
thereof to the whipple-tree beam 135 through 
an interconnecting pin 146 projecting from 
the plate 140 and upon which the whipple- 
tree beam 135 is pivotally mounted. It will 90 
be readily seen from the foregoing that with 
spring 139 pivoting lever 138 at follower 137 
in a clockwise direction into contacting 
relation with adjustment screw 145, the 
follower 137 and selector plate 140 act as a 95 
unit, and the pressure selection of cam 136 
is transmitted to the bellows and valve 
linkage through pin 146, beam 135 and 
pin 134. . 

The manifold pressure bellows 126 is 100 
provided with the adjustable lock out stop 
pin 128 previously described. The latter pin 
128 is adjusted to a low manifold pressure 
value below the minimum idling pressure for 
the engine 26, but above the minimum 105 
selected pressure. When pressures are selected 
by the pilot through operation of the control 
lever 1 which are less than the lockout setting 
pressure, the control unit A is locked into 
manual operation through the joint effect of 110 
the pins 128 and 134 causing the adjustment 
of the valve 103 upward tending to adjust 
the throttle valve 59 to a closed position. 
Thus through appropriate manual adjustment 
of the control lever 1, the throttle 59 may be 115 
manually controlled. The lockout stop 128 
also permits closing of the throttle 59 in the 
event of a broken evacuated bellows, since 
it provides means for placing- the control 
unit into manual operation. 120 

Economy or Cruise Override Lever 
Control 

A pilot's Economy Control Lever is 
indicated in Figure 1 by the numeral 150. 
The latter lever 150 is connected through a 125 
rod 151 to a control arm 152 keyed to the. 
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shaft 96 previously described. Keyed to the 
shaft 96 is an arm 153 connected by link 154 
to a bell crank 155 freely rotatable on the 
shaft 4, 

5 The bell crank 155 has a stud 156 pro- 
jecting therefrom and arranged so that when 
the economy control lever 150 is rotated so 
as to move the arm 152 in a counter clockwise 
direction to the "cruise" position, the 

10 economy bell crank 155 is rotated clockwise 
so that, during operation in the cruising range 
of power, stud 156 will raise lever 138 
increasing the selected pressure setting and 
stud 156 will replace follower 137 as the 

15 pivot for the lever 138. 

As the pilot's control shaft 4 is rotated in 
a counter-clockwise direction towards closed 
throttle, the cruise pressure setting must be 
reduced at an appropriate point and the 

20 pressure setting brought down to the normal 
selection. In order to effect the latter opera- 
tion a collar 160 is keyed to the shaft 4 having 
an adjustable screw 161 arranged so as to 
contact an end 162 of a lever 163 freely 

25 rotatable on the shaft 164 so as to limit the 
rotation of lever 163 in a clockwise direction. 
Thus as shaft 4 is rotated in a counter- 
clockwise direction towards closed throttle, 
lever 163 is moved by screw 161 at a pre- 

30 determined adjusted position of the shaft 4 
in a . counter-clockwise direction so as to 
apply a load to the selector plate 140 through 
a pin 164 projecting from the plate 140. As 
the shaft 4 is adjusted further towards 

35 closed throttle position, the plate 140 is 
adjusted in a clockwise direction about the 
pivot pin 142 so as to effectively reduce the 
selected pressure as the control shaft 4 is 
rotated towards closed throttle position. 

40 When economy control lever 152 is rotated 
clockwise to the magneto check position, 
stud 156 contacts an upper projection of 
selector plate 140, causing the selector plate 
140 to move in a clockwise direction and 

45 effectively locking the pressure selection at a 
low value and maintaining the throttle at its 
minimum position for purposes of checking 
the magneto. 

. Altitude Correction Droop 

50 . Mechanism 

In the present invention there is. provided 
an . altitude correction device or droop 
mechanism. It has been found that at high 
selected manifold pressures it is necessary 

55 to reduce the selected intake manifold 
pressure with increase in altitude in order to* 
prevent the mixture temperature rising 
dangerously high, which it tends to do at 
high altitudes. 

60 As lower manifold pressures are selected, 
no correction for droop is required and 
constant manifold pressure control is pro- 
vided. 



The foregoing operation is effected through 
a bellows assembly inclnding an altitude 65 
bellows 170 opposed by an evacuated bellows 
171 including an internal spring 172. The 
bellows 170 is connected through a conduit 
173 to the atmospheric or scoop pressure at 
the inlet to the conduit 56 as shown in 70 
Figure 1. 

The position of the plate 174 between the 
bellows 170 and 171 is an indication of the 
prevailing atmospheric pressure. This indica- 
tion is transmitted by a lever 175 pivotally 75 
supported at 176 and connected at one end 
to the plate 174 and at the opposite end to a 
plunger 177. The plunger 177 is slidably 
mounted in a supporting bearing 178 and is 
arranged so as to actuate a cam lever 179 80 
which constitutes a first cam member of a 
cam and follower mechanism pivoted at one 
end on a fixed pivot 180 and having a plate 
181 at the opposite end upop which the free 
end of the plunger 177 bears. A spring 180A 85 
biases the cam lever 179 towards the plunger 
177. The spring 180A in actual practice may 
be to the form of a torsion spring about the . 
pin 180- 

A second lever 182 which is the second 90 
member of the cam and follower mechanism 
is pivotally supported on a fixed pivot 18& 
At one end of the lever 182 there is provided 
a sleeve like bearing 184 formed integral 
therewith and a pin 185 projecting throughv95 
said bearing 184 and rotatably connected 
at one end to the lever 182. 

The opposite end of the pin 185 is affixed 
to a follow-up lever 186 and transmits its 
motion to the selector whipple-tree beam 135 100 
through a link 187 pivotally connected at 
one end to the follow-up lever 186 and at 
the opposite end to the beam 135. 

Lever 182 is spring loaded in a clockwise 
direction, by a spring 190 which in actual 105 
practice may be in the form of a torsion 
spring about pin 183. The movement of the 
lever 182 in a clockwise direction is limited 
by a pin 191. The cam lever 179 transmits 
its motion to lever 182 through a pin or cam 110 
follower 192 which is formed as an integral 
part of a link 193. The pin 192 maybe adjus- 
ted along the surface of the cam lever 179 
and between the levers 179 and 182 from a 
point coinciding with pivot pin 180 to a 115 
position at the left thereof. In the former 
position it will be readily seen that since the 
pin 192 of link 193 would be rotated at the 
pivot 180 of the cam lever 179 that motion 
of the altitude bellows could not transmit 120 
any motion to lever 182. 

However as the pin 192 is adjusted to the 
left of pivot 180 correspondingly greater 
movement will be imparted to lever 182. 

In order to effect the latter adjustment of 125 
the pin 192 the link 193 is pivotally connected 
to one end of a cam follower arm 195 pivoted 
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on a fixed pin 196 and bearing at the opposite 
end upon the surface of a cam 197 keyed to 
the main control shaft 4 under the biasing 
force of a spring 195A which in actual 

5 practice may be in the form of a torsion 
spring about the pin 196. 

It will be seen from the foregoing that as 
the altitude correction cam 197 is rotated 
clockwise the cam follower lever 195 is 

10 pivoted at pin 196 so as to move link 193 
and accordingly pin 192 into a position where 
the adjustment of cam lever 179 can be 
transmitted to lever 182. The cam shape 
provided at the upper surface of cam lever 

15 179 determines the altitude at which motion 
will be transmitted to the lever 182 for 
manifold pressure setting. The shape of the 
cam lever is so arranged that the greater the 
intake manifold pressure the lower the 

20 altitude at which correction is effected and 
that at very low pressure settings no altitude 
correction is effected. 

Injection System 
As best shown schematically in Figure 1, 

25 there is connected to the carburettor 57 a 
conduit 200 leading from a suitable source of 
fluid fuel for the aircraft engine. There is 
also provided a conduit 201 for injecting the 
fuel into the induction system through a 

30 nozzle 202. There is further provided a 
Conduit 203 for injecting into the induction 
system through nozzle 202 'a supplemental 
or so-called "anti-knock" fluid medium 
such as water, water alcohol or other suitable 

35 fluid well known in the art for suppressing 
detonation of the engine 26. 

The conduit 203 is connected to a suitable 
metering device shown in dotted outline and 
indicated generally by the numeral 204. The 

40 latter metering device may be of a suitable 
type well known in the art for detenriining 
the rate of flow of the " supplemental " 
fluid. 

A conduit 205 leads to the metering 

45 device 204 from a suitable source of " supple- 
mental " fluid indicated by numeral 206. In 
the conduit 205, there is provided a pump 
indicated by numeral 207 driven by a 
suitable power means not shown. The 

50 pump 207 supplies the fluid medium under 
pressure to the metering device 204. 

A valve 208 is provided in the conduit 205 
between the pump and metering device 204 
for " off " and " on " control of the " supple- 

55 mental " fluid injection system. The control 
valve 208 may be of any suitable type, but is 
shown herein as of an electromagnet con- 
trolled type having an electrical control 
circuit 209 and switch 210 which is preferably 

60 mounted within the aircraft cabin for 
covenient operation by the pilot. 

Thus the supplemental fluid injection 
system may be placed in operation by the 



pilot closing the switch 210 so as to effect 
the opening of the valve 208. Conversely, 65 
the valve 208 may be closed by opening the 
switch 210. As shown in Figure 1 the latter 
circuit may be also closed by the adjustment 
of the control lever 1 beyond a predetermined 
range of for example 63 degrees from its 70 
initial position at which point a switch 210A 
shunted across the switch 210 may be closed 
by the control lever 1. 

A by-pass conduit 211 and relief valve 212 
is provided for recirculating the fluid medium 75 
from the pump outlet to the pump inlet at 
such times as the valve 208 is closed and the 
injection system is not in operation. 

A conduit 213 is connected to the conduit 
205 between the valve 208 and the metering 80 
device 204. The conduit 213 leads into the 
control unit A to a pressure reset mechanism 
indicated in Figure 3 by the numeral 215. 

As shown in Figure 3 the latter mechanism 
includes a spring loaded diaphragm 22085 
mounted between the casing portions 221 
and 222 having chambers 223 and 224 
formed at opposite sides of the diaphragm 
220. The chamber 223 is open to atmosphere 
through a port 225 while the chamber 224 is 90 
open to the pressure from the fluid medium 
from the injection system through a port 226 
into which opens the conduit 213 leading 
from the fluid injection system. The dia- ' 
phragm 220 is operably connected to a pin 95 
227 slidably mounted in the casing portion 
221. 

The pin 227 bears at one end on the 
diaphragm 220 and at the opposite end on a 
pivotally mounted arm 228 biased in an 100 
upward direction under force of a spring 230. 

Pivotally connected at 228A is a plate 231. 
The plate 231 has formed therein a longi- 
tudinally extending slot 232 which opens at 
the lower end thereof. Positioned in the 105 
slot 232 is the cam follower 137 which 
projects from the follower lever 138 into the 
slot 232. As shown in Figure 3 a plate 233 
is pivotally mounted on plate 231 at 234 and 
lias suitable rack teeth 235 screw threadedly 110 
engaged by an adjustable screw member 236 
so that the position of the plate 233 may be 
initially adjusted in relation to the plate 231. 
The plate 231 includes a cam surface 240 
which is so arranged that upon adjustment 115 
of the control lever to within the range for 
operation of the fluid injection system a pin 
241 projecting from the cam 136 may contact 
the cam surface 240. As shown in Figures 2a 
and 3 a spring 139 is connected at one end 120 
to the upper end of follower lever 138 and at 
the other end to arm 228 so that the spring 
139 during normal operation tends to bias 
the plate 231 in a counter-clockwise direction 
about the pivot 228A and the cam follower 125 
137 into contacting relation with cam 136. 

It will be readily seen from the foregoing 
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that upon operation of the fluid injection 
system the fluid medium under' pressure 
entering the chamber 224 will bias the 
diaphragm 220 downward actuating the lever 
5 228 in a counter-clockwise direction. The 
latter action will cause the plate 231 to be 
forced downward and in. a clockwise direction 
about the pivot 228 A, shifting the cam 
follower 137 away from the cam 136, by 

Ifrreason of the engagement of cam surface 240 
with pin 241, and thereby increasing the 
pressure setting of the . bellows 126 to a 
predetermined value during operation of the 
injection system. 

15 Thus by appropriate adjustment of the 
control shaft 4 further increase of the pressure 
setting of the unit during operation of the 
water or other fluid mjection system ' is 
brought about, the follower 138 being then 

20 adjusted by the pin 241 acting upon the 
cam surface 240 so as to adjust the plate 

- 140 in a counter-clockwise direction about 
the pin 142 tlrrough the follower lever 138 
and thereby increase the pressure setting of 

25 the bellows 121 and 126. 

. Supercharger Speed Control 
As the valve 103 is adjusted by the bellows 
assembly from its neutral position there is 
effected a corresponding adjustment of the 

30 piston 64. As the bellows calls for greater 
pressure the piston. 64 is adjusted upward 
until the throttle 59. has been adjusted to the 
fully open position. Piston 64 is of such a 
size that the same effectively overcomes all 

35 throttle loads at a predetermined fluid or 
oil pressure differential of. for example 
20 p.s.i.. When the piston 64 has opened the 
throttle 59 fully, if the manifold pressure- 
still remains less than the setting, the fluid 

40 pressure differential from passages 67 and 
66 will rise above the predetermined pressure 
value. 

A flow control or metering piston-valve 250 
is provided slidably mounted in a piston 

45 chamber 251 opening at one . end into, the 
chamber 65 and so arranged that the fluid 
pressure medium, applied to the piston 64 
through passage 67 may be also applied to 
one side of a piston head 252. The piston 

50 valve 250 includes the valve lands 253 and 
254 and valve stem 255 connecting the same, 
A passage 256 extends through the valve 
stem 255 and opens at opposite sides of the 
valve land 253. A spring 257 biases the. 

55 piston-^valve 250 upward., A pin 258 projects' 
• downward from, the valve land 254 and is 
slidably mounted in a sleeve member 259. 
The member 259 is screw threadedly engaged, 
in a portion 260 of the control unit A and is 

60 arranged so as to limit the upward movement 
of the piston valve 250. Mounted within the 
sleeve member 259 is a stem 26i having a 
nut portion 262 .screw threadedly engaging a 



screw 263 locked from rotation by a portion 
264 engaged in the member 259. The stem 65 
261 is engaged at the outer end by a nut 265, 
so that the same may be readily locked in 
adjusted position. There is formed in the 
outer end of the stem 1261 a cleft 266 for 
adjustment purposes. 70 

By appropriate adjustment of the member 
259 and screw 263 the limits of movement .. 
of the piston valve 250 may be readily 
determined. 

The valve lands 253 and 254 are arranged 75 
to open in sequence the passages 270. and 271 
to pressure medium supplied to the valve 
250 through pressure conduit 272 as the 
pressure supplied to the chamber 65 through 
passage 67 exceeds a predetermined differ- 80 
ential value above the pressure supplied to 
the opposite end of the valve through a . 
passs'age 275, which as will be-later explained 
equals the pressure in line 66. 

The passage 270 opens into a conduit 276 85 
which as shown in Figure 1 supplies fluid 
medium to the low speed coupling 51 through 
passage 54 and valve 54A. Similarly- the 
passage. 271 . opens into a conduit 277 so as 
. to supply fluid medium to the high speed 90 
couplmjg 39 through passage 43. * . 

The hydraulic couplings 51 and 39 serve 
to couple the driving member 30 to the 
driven member 47 at varying speed ratios 
depending upon the rate of fluid flow supplied? 35 
to the individual coupling which thus deter- 
mines the slippage of the coupling and its 
speed ratio. 

The metering piston-valve 250 which 
constitutes hydraulic flow control means for 100 
regulating the flow of fluid to the super- 
charger couplings is adjustably positioned by 
the aforementioned differential pressure 
acting on the hydraulic motor means con-^ 
stituted by the piston head 252 so as to 105 
properly control the coupling ratio and 
accordingly the driving speed of the super- 
charger 32 so as to maintain a preselected. " 
intake manifold pressure in the conduit 58 
as controlled by the. servo-valve 103. By 110 
appropriate adjustment of the members 259 
and 261 the minimum opening of the low - 
speed passage 270 and the ma\ximum opening 
of the high speed passage 271 may be con- 
veniently adjusted.. 115 

In order to provide a substantially constant 
pressure in the passage 272 there is provided 
a reducing valve 280 including a valve 
chamber 281 having a pressure inlet passage 
282 leading from the piston chamber 81 and 120 
opening • in the chamber 281- at a point 
between parts 283 and 284 of the valve 280. 
A spring 285 biases the valve 280 in an 
upward direction tending to counterbalance 
. the pressure applied at the upper end of 125 
valve 280 through a passage 286,. while the 
valve portion 283 tends to open the passage: 
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272 to the pressure medium as the valve 280 
is biased upward by the spring 285 so as to 
increase the pressure applied through passage 
286 to a predetermined constant value. The 
5 tension of spring 285 may be adjusted by 
means of a suitable adjusting mechanism 287 
so as to vary the maximum flow through 
passage 272. 
It has been found, however, that there is 
10 considerable variation in the back pressure 
in lines 270 and 271 thereby causing variations 
in the rate of flow of pressure liquid to the 
lines through the ports controlled by valve 
250. In order to correct this condition a 
15 shuttle valve 290 has been provided to 
connect the pressure in the passage 270 to 
the lower end of the reducing valve chamber 
281 during low speed supercharger operation 
and the pressure in the passage 271 to the 
20 lower end of the valve chamber 281 during 
high speed supercharger operation. Thus as 
back pressure increases the reducing valve 
280 will tend to increase the opening of the 
passage 272 so as to overcome the back 
25 pressure and ensure a sufficient supply of 
pressure liquid to the operative hydraulic 
coupling. , j 

The shuttle valve 290 is shdably mounted 
in a valve chamber 291 and includes a stem 
30 portion 292 having valve lands 293, 294 and 
295 mounted thereon in spaced relation. A 
passage 296 extends longitudinally m the 
stem. One end of the passage 296 opens 
through the end of the stem 292 into the 
35 chamber 291 while the opposite end opens 
through the side of the stem 292 into the 
space between the valve lands 294 and 295. 
The passage 270 opens into the valve chamber 
291 at the left of the shuttle valve so that 
40 the pressure in the passage 270 together with 
the force of a spring 297 biases the shuttle 
valve in the chamber 291 towards the right. 
At the opposite end of the shuttle valve 290 
the pressure passage 272 opens into the 
45 valve chamber so as to normally counter- 
balance the force exerted by the spring 297 
and fluid medium from passage 270 and 
position the valve 290 as shown in Figure 2b. 
In the latter position a passage 298 fading 
50 from the lower end of the valve chamber 281 
opens into the valve chamber 291 between 
the valve lands 294 and 295 so that the 
passage 270 is connected through passages 
296 and 298 to the lower end of the reducing 
55 valve 280. There further opens into the 
valve chamber 291 the passage 271 which 
opens at a point between valve lands 293 
and 294 so that in the latter adjusted 
position of the shuttle valve the passage 271 
60 is disconnected from the valve 280. 

However when the pressure in passage 270 
exceeds a predetermined value the valve 290 
is shifted to the right so as to close passage 
296 to passage 298 and open passage 298 to 



passage 271 so as to shift the reference 65 
pressure for the reducing valve 280 from 
that in passage 270 to the pressure in 
passage 271. 

After the pressure medium has been 
supplied to the high speed coupling 39 70 
through passage 271 and 39 starts to over 
drive the low speed coupling 51 the low 
speed fluid feed line 54 is closed through 
operation of the rotary valve 54A permitting 
the coupling 51 to empty. Upon the rotary 75 
valve 54A closing the low speed pressure 
line 54 the pressure in passage 270 increases 
to a value sumcient to cause the shifting of 
the shuttle valve 290 previously described 
and the fluid pressure in the passage 270 80 
maintains the shuttle valve 290 in the latter 
shifted position until such time as the high 
speed drive operation is terminated. 

If desired a separate reducing valve may 
be provided in place of valve 280 for feeding 85 
fluid to passages 270 and 271. In this way a 
constant differential can be provided at the 
metering port feeding passage 270 and 
similarly a constant pressure differential can 
be supplied across the port feeding passage 90 
271. The throttling may be provided either 
by throttling the fluid medium entering the 
metering valve or by feeding engine oil 
pressure into the metering valve and thrott- 
ling the flow through passage 270 or 271 as 95 
required. 

Follow-up Mechanism 
When valve 250 is moved from one position 
to another there is a lapse of time required 
to flow the fluid medium into the hydraulic 100 
coupling 39 or 51 to bring the coupling to 
the particular slip condition required and 
for the supercharger to cause the intake 
manifold pressure to rise to the selected 
value. This time lag tends to cause instability 10o 
and in order to provide a stabilizing action 
a follow-up mechanism 300 has been provided 
in the hydraulic circuit of the metering 
valve 250. 

The follow-up mechanism 300 includes a 110 
valve chamber 300A in which there is slidably 
mounted an adjustable follow-up piston- 
valve 301. Extending longitudinally in the 
piston-valve 301 is a passage 302 having a 
valve opening 303 at the upper end. 1 15 

The valve opening or bleed 303 is controlled 
by a valve member 304 mounted on a stem 
305 extending longitudinally through the 
passage 302 and fixedly mounted at opposite 
ends of the valve chamber 300A. There is 120 
provided a slight clearance between the 
denning surface of the valve opening 303 and 
the valve member 304 sufficient to permit a 
limited passage of the fluid medium or oil. 
The stem 305 as shown in Figure 2a is 125 
positioned in spaced relation to the inner 
surface of the passage 302 so as to permit 
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passage of the pressure medium such as oil 
upon opening of the valve opening 303. 

The follow-up piston-valve 301 is centered 
by the action of a spring 306 which . bears at 
5 one end upon an annular plate 307 slidably 
mounted within a portion of the valve 
chamber and .engaging a shoulder -308 
formed on the valve 301. Movement of the 
plate .307 is limited by another shoulder 

10 formed within the valve chamber. The 
opposite end .of the spring 306 bears upon a 
similar annular plate 309 slidably mounted 
within a portion of the valve chamber but 
similarly limited bya shoulder portion formed 

15 within the valve chamber. The plate-809 is 
engaged by a nut 310 provided at the lower 
end of the piston-valve 301. The annular 
plates 307 and 309 are slidably mounted on 
the piston-valve 301 and are biased in 

20 opposite directions into engagement with 
the shoulder 308 and nut 310 respectively. 

An annular recess "311 is formed in the 
piston-valve 301 and opening into the valve 
chamber 300A at a point adjacent the recess 

25 is the fluid pressure passage 82. Passages 270 
and 271 also open into the valve chamber 
but are closed by the piston-valve 301 upon 
the same being positioned in the neutral 
position shown in -Figure '2a. 

30 Opening at opposite ends of the valve 
chamber 300A ^are the passages 66 .and 275. 
The passage 66 leads from the servo valve 
103 while the passage 275 leads from the 
lower end of the flow control or metering 

35 valve 250 as previously explained. 

The amount of follow-up action effected 
by the mechanism 300 is -determined by the 
speed of movement of the metering valve 
250 since the quantity of fluid medium or 

40 oil flowing through the lines 66 and 275 to 
and from the follow-up mechanism is deter- 
mined by the displacement of the metering 
valve 250. The follow-up piston-valve 301 
is biased to a. neutral position by the action 

45 of spring 306 so that when metering -valve 250 
moves downward follow-up piston-valve 301 
due to the pressure acting on the lower end 
thereof amoves upward and upon valve 250 
moving upward the follow-up -piston-valve 

50 301 moves downward. 

When the follow-up piston-valve 301 
reaches a maximum permissible travel, the 
fluid medium or oil is by-passed through 
valve opening 303 which is opened by valve 

55 member 304. 

During-operation when only partial move- 
ment -results, the oil is by-passed through 
the clearance between the surface defming 
the valve opening 303 and the valve member 

60 304 allowing tie follow-up piston-valve 301 
to be returned to its neutral position under 
the biasing force of spring 306. 

When a great increase in the intake 
manifold pressure is required the metering 



valve 250 will be subjected to a 'high pressure 65 
differential by «the servo valve 103 and the 
metering valve will move downward rapidly 
causing the follow-up -piston-valve :301 to 
move upward to its full extent. The latter 
action will not only open valve opening 303 70 
but will also open the ports in the valve 
chamber 300A leading to the passages 270 
and 271 to the pressure medium supplied to 
the valve chamber 300A by passage 82 so as 
to permit the pressure medium to be valved 75 
into the high and low speed. coupling passages 
270 and 271 respectively to provide accelera- 
tion of the -couplings 39 and 51. 

The follow-up action of the piston-valve 
301 is transmitted by. links 315 to follow-up 80 
lever 186. Follow-up -lever 186 is pivotally 
supported by pin 185 which is freely rotatable 
in -the tubular member 184 and lever 182. 
The follow-up lever 186 has the link 187 
eccentrically connected thereto so as to 85 
transmit the motion of ^the follow-up lever 
186 to the selector Whipple -tree beam 135. 
Thus upon the metering valve "250 moving 
downward to increase the manifold pressure 
the follow-up piston-valve 301 moves upward 90 
causing the follow-up lever 186 to move in a 
clookwise direction about the pin 185 and 
moving the whipple-tree selector beam 135 
in a counter-clockwise direction -about the 
pin 146 so as to decrease the pressure setting. 95 
Likewise upon the metering valve 250 moving 
in an upward -direction to decrease the 
manifold pressure the follow-up lever is 
moved so as to increase the pressure .setting 
and thereby providing follow-up action .for 100 
preventing instability of the control unit A* 

Operation 

It will be seen from the foregoing that 
there is provided a hydraulically operated 
control unit including a main control lever 3 105 
and cruise override control lever 152. In 
addition there are provided the lever 61 for 
controlling the carburettor throttle 59 and 
a pulley 17 for connection to the propeller 
governor. 110 

Movement of the main control lever 1 
operates the propeller governor pulley 17 
through a linkage mechanism 5 and positions 
the pulley 17 mechanically to the required 
speed setting. At the same time the cam 136 115 
sets the pressure controlling beam 133 to the 
desired intake manifold pressure while a 
second cam 197 sets the altitude droop 
mechanism according to the manifold pres- 
sure selected. Further a linkage positions^the 120 
throttle 59 through operation of the throttle 
servo valve 103 and piston $4 to a pre- 
determined open position. 

In the automatic operating range of the 
unit (above the idling pressure range -deter- 125 
mined by bellows stem 128) the throttle 
opening will not be sufficient to provide the 
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manifold pressure selected. Consequently 
the throttle aotuating servo 64 automatically 
opens the throttle 59 further to give the 
selected pressure. At a given position of the 
5 main control lever 3 the pressure and engine 
speed will be kept constant within the 
limitations of altitude and the variations 
provided by the altitude droop mechanism, 
firas -the main control lever 3 provides 

10 correlated selection of manifold pressure and 
engine speed. 

The cruise override control 152 permits 
variation or the manifold pressure selection 
in the cruising range of pressures to provide 

15 maximum fuel economy for long range 
cruising. When the cruise override bell 
crank 155 is moved in a counter-clockwise 
direction the pressure selection throughout 
the entire movement of the pilot's control 

20 is set below a predetermined value. This 
serves to lock the unit into manual operation 
through the effect of the limit stem 128 so 
as to permit ground checking of magnetos 
and reduction of selected pressure in an 

25 emergency where it is desired to keep engine 
speed selection to a high value. 

The main control unit A is arranged for 
operation with a variable speed super- 
charger drive including high and low speed 

30 hydraulic drives 39 and 51 respectively. 
.The main control unit provides automatic 
control of the drive by operation of the flow 
control or metering piston-valve 250. In 
maintaining automatic control of the manifold 

35 pressure when the throttle 59 reaches the 
wide open position the flow control valve 
250 is adjusted by increased hydraulic 
pressure so as to cause the supercharger 
speed to increase until the selected manifold 

40 pressure is reached. 

Further the control is provided with a 
device 215 for resetting the selected intake 
manifold pressure upon operation of the 
fluid injection system controlled by the 

45 position of the pilot's control lever 1 . Through 
the latter, control operation vrithout water 
or other liquid injection may be maintained 
throughout a predetermined operating range 
of lever 1 of for example from 0° to a 63° 

50 angular position of the pilot's lever 1. 
Within a second predetermined range of for 
example from 63° to 72° the throttle lever 1 
doses a switch 210A effecting operation of 
the injection system. During the latter 

55 operation the intake manifold pressure 
setting is increased to a predetermined 
value which may be adjusted by adjusting 
ftie lever 1 within the second predetermined 
range. However in the -event of injection 

60 fluid pressure or supply failure the intake 
manifold pressure is automatically reset to 
the maximum 'normal rating through opera- 
tion of the device 215. 
it 6hould be further noted that When 



hydraulic pressure is available the throttle 65 
is positioned by the hydraulic servo piston t54 
even in the manual ran^e. 

Thus upon manual adjustment of the shaft 
4 in a counter-clockwise direction past a 
predetermined critical low pressure setting 70 
position the cam 136 positions the pin 184 
so that the valve stem 103 is raised above 
its neutral position while the pin 128 locks 
the bellows 126 out of operation in a pressure 
decreasing direction and is thus ^effective 75 
for returning the valve stem 103 to a neutral 
position. 

The latter upward adjustment of the 
valve stem 103 opens port -66 to the : pressure 
medium supplied through line 82 «o that 80 
pressure is applied to piston -64 at the upper 
side tending to move piston 64 in a downward 
direction and . actuating arm 69 in. a counter- 
clockwise direction. Such counter-clockwise 
movement of arm 69 adjusts -throttle arm 6185 
in a throttle closing direction and acts 
through interconnecting linkages 73 72 and 
71 so as to move arm 74 in a clockwise direc- 
tion and thereby actuate the plunger 100 
downward to return the valve stem 103 to a 90 
neutral position. 

Further manual adjustment of the shaft 4 
and the arm 70 in a counter-olockwise 
direction causes the arm 74 to be moved in a 
counter-clockwise direction so that plunger 95 
100 releases valve stem 103 whereupon leaf 
spring 104 raises the same so as to permit 
tie pressure medium to be applied to -the 
upper side of piston 64 causing further 
counter-clockwise movement of the arm 69 100 
so that the arm 74 once more resets the 
valve -stem 103 to a neutral position and 
effects further adjustment of the throttle 
arm 61 in a valve closing direction. 

Of course upon manual adjustment -of the 105 . 
arm 70 within the automatic lock out range 
m a clockwise direction there will be effected 
a clockwise movement of arm 74 past the 
critical neutral position causing valve stem 
103 to be lowered whereupon piston 64 will 110 
actuate arm 69 in a clockwise direction 
moving arm 74 in a counter-clockwise 
direction so that the valve stem 103 will be 
returned to a neutral position and the 
throttle arm 61 adjusted in a valve opening 115 
direction. Upon the -shaft 4 being adjusted 
in a clockwise direction past tbe limit df the 
automatic lock out range the mechanism 
will -once again be placed in automatic 
operation controlled by the pressure selector 120 
cam 186. 

-In the event -of a hydraulic pressure 
failure the manually operable -mechanical 
linkage 70 71 72 73 and 74 is arranged so 
as to provide direct manual throttle control 125 
as heretofore explained. This linkage is 
particularly effective at the time of -starting 
the aircraft engine. The manual throttle 
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travel is sufficient to give. normal power at 
take-off engine speed at sea level. 

During normal, operation of the engine the 
cruise override control lever 150 will be kept 
5 at its neutral position and both engine speed 
and manifold pressure will be controlled and 
selected together by the single pilot's control 
lever 1 . . 
Constant manif old pressure and engine 
10 speed will be obtained at fixed pilot's control 
lever 1 positions up to critical altitude 
except as varied by the altitude droop device 
' 170 and as momentarily effected by the 

follow-up mechanism 300. 
15 The embodiment of the invention descirbed 
above and illustrated in detail in the 
accompanying drawings is given by way of 
example only. 
In Applications Nos. 2008/50 2009/50 
20 2010/50 and 20047/51 (Serial Nos. 678396 
678 397 678 398 and .678 440) which have 
been divided from this application we have 
included drawings and description which 
are substantially identical with the drawings 
25 and the description in this application. 

Having now particularly described and 
ascertained the nature of our said invention 
and in what maimer the same is to be per- 
formed we declare that what we claim is : — 
30 1- A control system for an internal com- 
bustion engine comprising pilot-controlled 
means for selecting a desired intake manifold 
pressure for the engine, a throttle valve for 
controlling the intake manifold pressure, a 
35 supercharger for supplying air to the intake 
manifold of the engine, servo motor means 
for positioning the throttle intake manifold 
pressure responsive means for controlling 
the servo motor means, a. plurality of 
40 hydraulic couplings between the super- 
charger and the engine, means for controlling 
flow of pressure fluid to a selected hydraulic 
coupling, said controlling means being regu- 
lated by said marifold pressure responsive 
45 means upon said throttle being adjusted to 
a maximum open position, whereby the 
controlling means- supplies pressure fluid to 
the selected coupling so as to drive the super- 
charger at a speed necessary to obtain the. 
50 desired intake manifold pressure. 

2. A control system for an internal com- 
bustion engine comprising . pilot-controlled 
means for selecting a desired intake manifold 
pressure for the engine, a throttle valve for 
55 controlling the intake manifold pressure, a 
supercharger for supplying air to the. intake 
manifold of the engine, a first hydraulic 
motor means for positioning the throttle, 
intake manifold pressure responsive means 
60 for controlling the hydraulic motor means, 
hydraulic coupling means for driving the 
supercharger from the engine, hydraulic 
flow control means for regulating the flow 
of hydraulic medium to the coupling means 



and thereby the speed of said supercharger, 65 
a second hydraulic motor means for position- 
ing said flow control means, and said second 
hydraulic motor means being controlled by 
said intake manifold pressure responsive 
means- so as to maintain said selected 70 
pressure upon said throttle valve being 
adjusted to a maximum open position. 

3. An engine control system as claimed 
in claim 2, having follow-up means responsive 
to the actuation of said hydraulic flow 75 
control means for affecting said hydraulic 
coupling means for driving the supercharger 
so as to cause a more rapid acceleration of 
said supercharger upon 'the selected manifold 
pressure being greatly in excess of the actual 80 
manifold pressure. 

4. An engine control system as claimed in 
claim 3, wherein the follow-up means is also 
arranged to simultaneously actuate the 
pressure selecting means so as to momentarily 85 
alter the value of the selected manifold 
pressure. 

5. An engine control system as claimed in 
claim 4, wherein the follow-up means 
consists of a piston slidably arranged in a 90 
pressure chamber, said pressure chamber 
having hydraulic pressure inlet and outlet 
openings at opposite ends for effecting 
movement of said piston, said piston having 
a longitudinal passage formed therein, said 95 
passage opening at the opposite ends of said* 
piston, a stem mounted in said chamber and 
extending through the longitudinal passage 
formed in said piston, a valve member fixedly 
mounted on said stem and arranged to control 100 
the flow of fluid medium through said passage, 
said valve member being arranged to open 
said passage upon movement of said piston 
to one end of said chamber so as to equalise 
the hydraulic pressure at opposite ends of 105 
the piston, spring means for returning the 
piston to a neutral position, and control 
means operated by said piston for actuating 
the pressure selecting means. 

6. An engine control system as claimed in 110 
claim 5, wherein the spring means for 
returning the piston to a neutral position 
comprises a .first gT^nlar plate about said 
piston, said piston and chamber having 
parts for limiting movement of said first 115 
plate in one direction, a second annular 
plate about said piston, said piston and 
chamber having other parts for limiting 
movement of said second plate in an opposite 
direction, a spring, interposed, between said 120 
first and second plates for normally biasing 
said plates into contacting relation with said 
parts so as to maintain the piston in a 
position intermediate the opposite ends of 
said chamber. 125 

7. An engine control system as claimed in 
any of the preceding claims, having atmos- 
pheric responsive means operably connected 
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to the intake manifold pressure responsive 
- means so as to modify the control exercised 
by said intake manifold pressure responsive 
means on the first hydraulic motor means m 
5 such a manner as to correct the value of the 
selected manifold pressure in accordance 
with the prevailing atmospheric pressure 
and having an adjusting means connected 
to the pilot's control arranged so as to vary 
10 the value of the correction in accordance 
with the selected manifold pressure. 

8 An engine control system as claimed in 
claim 7, wherein said atmospheric ^pressure 
responsive means is connected to the intake 
15 manifold responsive means through a cam 
and follower mechanism, the follower of 
said mechanism being connected to the 
pilot-operated means in such a manner that 
the correction imparted by said atmospheric 
20 means is dependent upon the pilot-selected 
manifold pressure. 

9. An engine control system as claimed an 
claims 7 or 8, wherein the said atmospheric 
pressure responsive means is connected to 
25 the intake manifold pressure responsive 
means by a mechanism comprising a first 
cam member adjustably positioned by said 
atmospheric pressure responsive means, a 
second member operably connected to the 
30 manifold pressure responsive means and a 
cam follower interposed between the cam 
member and the second member, the position 
of said follov/er being adjustable by operation 
of the pilot's control lever so as to vary the 
35 magnitude of the movement of the second 
member for a given movement of the cam 
member. , . j 

10. An engine control system as claimed 
in any of the preceding claims, wherein the 
40 intake manifold pressure responsive means 
controls the first hydraulic motor means 
through the action of a hydraulic servo valve 
connected to said intake manifold pressure 

45 r TLAa e e^^e S *control system as claimed 
in claim 10, wherein the first hydraulic motor 
means and the pilot's control are connected 
to the hydraulic servo valve in such a manner 
that over a limited range the control by the 

50 intake manifold pressure responsive means 
of the hydraulic servo valve is overridden 
and the throttle is positioned in direct 
relation to the adjusted position of the 
pilot's controL . - 

55 12. An engine control system as claimed 
in claim 11, wherein the means by which 
the hydraulic motor means and the pilot s 
control are connected to the hydraulic valve 
includes a walking or floating beam. 

60 13. An engine control system as claimed 
in any of the preceding claims, wherein the 
first and second hydraulic motor means 
comprise first and second pistons having a 
common pressure chamber, the pressure in 



which is regulated by the intake manifold 65 
pressure responsive means acting through a 
hydraulic servo valve, said first piston heing 
arranged to be actuated in a first sense at a 
first hydraulic pressure and said second 
piston being arranged to be actuated in a 70 
second sense at a greater hydraulic pressure 
upon said first piston being actuated in said 
first sense to the limit of its movement. ^ 

14. An engine control system as claimed 
in any of the preceding claims, having a 75 
second pilot-operated control for adjusting 
the position of the datum setting of the 
inlet manifold pressure responsive means 
independently of the first mentioned pilot- 
controlled means for selecting a desired 80 
intake manifold pressure. , 

15. An engine control system as claimed 
in any of the preceding claims, having a 
hydraulic piston subject- to the hydraulic 
pressure applied to the first hydraulic motor 85 
means, the piston being spring biased in a 
direction so as to oppose said hydraulic 
pressure and being so connected that on 
failure of the hydraulic pressure supply the 
control of the inlet manifold pressure respon- 90 
sive means over the first hydraulic motor 
means is rendered ineffective and said 
hydraulic motor means is interconnected 
with the pilot's control to permit manual 
operation of the throttle. 95 

16. An engine control system as claimed 
in any of the preceding claims, wherein the 
setting of a variable pitch propeller control 
governor is effected simultaneously with the 
selection of the engine manifold pressure by 100 
operation of the pilot's control. # 

17. An engine control system as claimed 
in any of the preceding claims, comprising 
a pressure re-set mechanism, in which the 
means for selecting a desired intake manifold 105 
pressure for the engine is modified when a 
supplemental fluid injection system is w 
operation so that a given adjustment of the 
pilot's control means corresponds to a higher 
manifold pressure for the engine. HO 

18. An engine control system as clauned 
in claim 17, in which a pressure selector cam 
"nnrmallv adjusts a cam 

follower carried by 
a lever adapted to adjust a selector plate, 
the cam follower being moved away from 115 
the same, when the supplemental fluid 
injection is in operation, to effect a desired 
increase in the selected manifold pressure. 

19. An engine control system as dauned 
in claim 18, in which a pin projecting from 120 
the cam engages a cam surface movable 
with the said lever carrying the cam follower 
when the cam follower has been moved away 
from the cam. , . , 10C 

20 An engine control system as clauned 125 
in either of claims 1 or 2, comprising a 
hydraulic flow control or metering valve, a 
servo piston for operative connection to tne 
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throttle valve, another servo piston arranged 
to position said flow control valve, a servo 
valve . controlling admission of operating 
pressure to said pistons, a device responsive 
5 to changes in .manifold pressure, and means 
providing an operating connection between 
said device and said servo valve whereby 
the throttle may be automatically positioned 
to maintain a predetermined manifold pres- 

10 sure up to charging capacity for approxi- 
mately wide-open throttle and -said flow 
control valve thereafter regulated to produce 
a supercharger speed such as will maintain 
the predeterrnined charging pressure* 

15 21. An engine control system as claimed 
in claim 1, comprising at manually operable 
control member, means for regulating 
hydraulic flow to the selected coupling 
including a flow control or metering valve, a 

20 servo piston operatively connected to the 
throttle and another servo piston arranged 
to position the flow control or metering 
valve, a servo valve controlling admission of 
operating pressure to said pistons, variable 

25 datum means including a device responsive 
to changes in manifold pressure and an 
element adjustable by said control member 
to set the datum for said device, means 
providing an operating connection between 

30 said device and said servo valve whereby the 
throttle is automatically positioned to main- 
tain a selected manifold pressure up to 
charging capacity for approximately wide- 
open throttle and said flow control or metering 

35 valve is thereafter regulated to produce a 
supercharger speed such as will maintain the 
predeterrnined charging pressure. 

22. An engine control system as claimed 
in either of claims 1 or 2, comprising follow- 

40 up mechanism becoming operative during 
changes in intake manifold pressure conse- 
quent on resetting of the pressure or datum 
of the bellows and tending to reset moment- 
arily the said datum first in a direction 

45 opposite to the direction of change and then 
in the same direction as the intake pressure 
approaches the set value. 

23. An engine control system as claimed 
in either of claims 1 or 2, comprising follow 

50 up mechanism becoming operative during 
changes in intake manifold pressure conse- 
quent on resetting of the pressure or datum 
of the bellows, said follow up mechanism 
comprising fluid pressure means adapted to 

55 prevent overshooting of the selected manifold 
pressure when the datum is changed by 
momentarily changing the datum setting in 
a direction counter to the change and 
becoming decreasingly effective as the mani- 

60 fold pressure approaches the datum setting. 
24: An engine control system as claimed 
in claim 13 wherein the first piston operates- 
the throttle valve and the second piston 
operates the means for controlling the. 



supply of pressure fluid to the hydraulic 65 
couplings whereby said first piston is 
automatically positioned to maintain the 
selected manifold pressure up to capacity 
for approximately wide-open throttle and 
said controlling means is thereafter controlled 70 
by 6aid second piston to provide a super- 
charger speed which will maintain the 
required charging pressure. 

25. An engine Control system as claimed 
in either of claims 1 or 2, in which the 75 
hydraulic flow control means is moved to 
different flow regulating positions in response 
to changes in the desired intake manifold 
pressure setting, follow up means is provided 
for resetting the said flow control means to 80 
a definite How regulating position after it 
has been initially moved, the follow up 
means includes a small valve opening or 
bleed, and the resetting movement is 
accelerated by temporarily by-passing the 85 
bleed. 

26. An engine control system as chimed 
in either of dairns 1 or 2 comprising follow 
up mechanism which co-operates with the 
flow control means to regulate the value of 90 
the intake manifold pressure, an expandable 
chamber for deterrnining the position of the 
flow control means in accordance with the 
deviation of the intake manifold pressure 
from a selected value, means for creating a 95 
fluid pressure difference which varies eithep 
in a positive or negative sense with changes 

in the value of the intake pressure in either 
direction from the selected value, means for 
moving said follow up mechanism by said 100 
pressure difference and a flow restriction for 
damping the motion of said follow up 
mechanism. 

27. An -engine control system as claimed 

in claim 17 for suppressing detonation in 105 
the -engine, comprising a pressure reset 
mechanism having a flexible diaphragm 
responsive to operation of the supplemental 
fluid injection means, a rotatable cam, a 
cam follower biased into contacting relation 110 
with said -cam for changing the intake mani- 
fold pressure setting upon rotatable adjust- 
ment of the cam, a plate operatively con- 
nected to said membrane and to said cam 
follower, said plate having a cam surface 115 
adapted to be engaged by a member pro- 
jecting from said rotatable cam for changing 
the pressure setting upon rotation of said 
cam within a predetermined -maximum range 
during the operation of the supplemental 120 
fluid injection means, the cam surface on the 
plate being adjusted by said diaphragm 
through said plate from an inoperative to an 
operative relation with said member. 

28. An engine control "system as claimed 125 
in claim 27 in which the cam surface is 
formed on a member pivotally mounted on 
the plate and adjustable thereon. 
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29. An engine control system as claimed 
in claim 27 in which the cam follower is 
positioned in a slot in the plate, allowing 
movement of the plate between operative 

5 and inoperative positions. 

30. An engine control system as claimed 
in ^lai'm 27 in which a main control member 
adjusts the said cam and an anxiliary control 
member operates means for nullifying the 

10 effect of the supplemental fluid injection 
means. 



31. An engine control system as claimed 
in claims 1 or 2, substantially as described 
with reference to Figures 1 and 3 of the 
accompanying drawings. 15 

Dated this 6th day of May, 1946. 
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